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SUMMARY 


This  contract  was  initiated  for  the  purpose  of  developing  new  drugs  for 
the  treatment  of  acute  pulmonary  insufficiency.  The  activities  during  the  past 
year  were  centered  on  the  search  for  compounds  that  will  correct  an  increase 
in  capillary  permeability.  One  naphthoquinone  and  one  flavonoid  that  prevent 
pulmonary  edema  and  congestion  in  mide,  rats  and  dogs  were  selected  as 
candidates.  The  pulmonary  edema  induced  by  inhalation  of  25%  carbon  dioxide  in 
mice  and  pulmonary  congestion  induced  by  paraquat  in  rats  was«  prevented  by  prior 
treatment  with  either  compound.  In  dogs  with  pulmonary  edema  induced  by 
alloxan  or  inhalation  of  a  chemical  irritant,  the  results  were  equivocal.  The 
experiments  in  dogs  are  continuing  and  investigation  in  monkeys  is  planned. 
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DRUG  THERAPY  OF  A  CUTS  PULMONARY  INSUFFICIENCY 
with  Special  Reference  to  Anti-edemagenic  Compounds 

In  the  course  of  investigating  new  antimalarial  compounds,  the 
naphthoquinones  were  discovered  to  prevent  pulmonary  edema  induced  by  the 
malarial  parasite  in  rodents  (1).  It  was  therefore  decided  to  examine  additional 
naphthoquinones  and  one  flavonoid  also  known  to  prevent  experimentally- induced 
hemorrhagic  lesions  in  animals  (2). 

The  activities  in  the  past  year  included  an  investigation  in  mice  of  the 
anti-edemagenic  effects  of  9  naphthoquinones  supplied  by  Dr.  M.  Bergamaski 
(Instituto  Carlo  Erba,  Milan),  two  naphthoquinones  from  the  Walter  Reed  Antimalarial 
Program,  WR  26, 1041,  WR  49,  808,  and  one  flavonoid  from  Dr.  Harry  Salem 
(Research  Department  of  Smith,  Miller  and  Patch,  New  Brunswick).  The 
chemical  structures  of  WR  49,  808  and  eriodictyol  selected  for  detailed  studies 
in  rats  and  dogs  are  as  follows : 


NAPHTHOQUINONES 


GHaCHzCHzCHgCHzCHjjCHaCHz 


WR  49,808 


Part  I.  Initial  Screening  in  MfcC 


The  first  group  of  experiments  consisted  of  testing  II  naphthoquinones 
and  1  flavonoid  in  mite,  exposed  to  inhalation  of  25%  carbon  dioxide.  According  to 
a  previously  described  technique  (1),  2  groups  'of  10  mice  were  used,  a  control  group 
receiving  an  intraperitoneal  injection  of  0.  2  ml  of  0.  5%  methocel  and  the  other 
group  receiving  0.  2  ml  of  a  suspension  of  the  test  substance  in  0.  5%  methocel 
30  min.  prior  to  exposure  in  a  chamber  containing  25%  carbon  dioxide  in  oxygen. 
After  a  5  min.  exposure,  the  mice  were  removed  and  killed  immediately  by 
intraperitoneal  injection  of  0. 1  ml  of  25%  sodium  cyanide  solution.  The  lungs  were 
removed,  weighed,  dried  for  24  hrs.  in  a  250°  oven,  and  weighed  for  the  second 
time.  The  results  were  expressed  as  a  per  cent  content  of  moisture  which  is 
an  approximation  of  the  amount  of  edema  fluid. 

The  results  summarized  in  Table  1  include  5  naphthoquinones  and 
1  flavonoid,  eriodictyol,  which  protect  mice  from  pulmonary  edema  induced  by 
carbon  dioxide.  There  were  6  naphthoquinones  which  did  not  protect  mice.  The 
chemical  structures  of  the  compounds  are  compared  in  Table  1.  The  nature  of 
the  substitutes  in  the  No.  3  position  of  the  naphthoquinone  ring  is  important. 

Four  of  the  active  compounds  had  2  to  19  carbons  in  the  side  chain  while  the 
inactive  ones  had  methyl  substitution.  One  active  compound  had  H  substituted 
in  the  No.  3  position  but  OH  attached  to  the  No.  6  carbon  atom. 

The  results  in  mice  confirm  the  results  previously  described  that 
naphthoquinones  i.i  general  and  WR  49,808  in  particular  are  effective  in 
preventing  pulmonary  edema  in  mice. 


Part  II.  Verification  of  Anti-edepfcay&yi Effect  in  Rats 

The  second  group  of  experiments  were  performed  on  rats  that  received 
an  injection  of  paraquat;  an  agent  known  to  produce  pulmonary  congestion  (3).  This 
was  administered  in  doses  of  10  mg /kg  48  hrs.  prior  to  the  time  of  experimentation. 
One  group  of  rats  received  a  control  injection  of  the  suspending  agent  (0.5%  methocel); 
another  group  received  an  injection  of  paraquat  only.  Two  groups  of  rats  received 
eriodictyol  100  mg /kg  orally  prior  to  or  following  paraquat,  and  2  other  groups 
received  WR  49,  808  50  or  100  mg  /kg  orally  prior  to  or  following  paraquat. 

Forty-eight  hours  after  paraquat  the  rats  were  anesthetized  for 
measurement  of  pulmonary  compliance,  resistance,  tidal  volume  and  oxygen 
consumption  by  techniques  described  previously  (4).  The  lungs  were  removed 
after  the  end  of  the  experiment  and  examined  histologically.  The  results  are 
summarized  in  Tables  2  and  2a.  The  essential  features  contained  in  the  Table 
are  as  follows: 

a.  The  injection  of  paraquat  caused  pulmonary  congestion  evidenced 
by  histological  examination,  decreased  respiratory  minute  volume,  oxygen 
consumption  and  pulmonary  compliance.  There  was  an  increase  in  pulmonary 
resistance  but  no  significant  change  in  functional  residual  capacity.  The  most 
sensitive  indicators  of  pulmonary  congestion  are  the  fall  in  pulmonary  compliance 
and  increase  in  resistance. 

b.  The  administration  of  paraquat  followed  by  oral  administration  of 
eriodictyol  24  hrs.  later  did  not  prevent  the  functional  changes  characteristic  of 
the  effects  produced  by  paraquat  alone.  However,  the  prior  treatment  with 
eriodictyol  followed  by  paraquat  prevented  the  decrease  in  compliance  and  increase 
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in  resistance  exerted  prevented  the  pulmonary- 

changes  in  the  rat  lung. 

« 

c.  The  naphthoquinone,  WR  49,  808,  was  also  effective  in  preventing  the 
pulmonary  effects  of  paraquat  provided  that  it  was  administered  prior  to  paraquat. 
There  was  no  increase  in  pulmonary  resistance  and  no  marked  decrease  in  com¬ 
pliance  in  rats  pretreated  with  100  mg/kg  WR  49,  808  orally. 

Similar  results  were  derived  from  using  alloxan  as  the  agent  producing 
pulmonary  edema  in  rats.  The  lung  tissue  slides  are  being  examined  and  the 
histological  features  will  be  reported  at  a  later  date. 

Part  III.  Anti-edemagenic  Effect  in  Dogs 

The  experiments  in  dogs  produced  inconsistent  results.  So  far,  3  groups 
of  experiments  have  been  completed,  one  group  using  alloxan  to  elicit  pulmonary 
edema  (5),  a  second  group  (15  dogs)  using  inhalation  of  sulfur  dioxide,  and  a  third 
group  (15  dogs)  using  massive  saline  infusion.  The  details  of  the  results  are  being 
analyzed  statistically.  So  far  the  results  with  WR  49,  808  indicate  prolongation  of 
si  vival  compared  with  dogs  that  received  alloxan  but  no  pretreatment  with 
WR  49,  808.  The  results  of  alloxan-treated  dogs  exemplify  the  problems  in 
interpretation  (Table  3). 

Although  the  mean  duration  of  survival  was  prolonged  in  alloxan-treated 
dogs  that  also  received  an  intravenous  injection  of  WR  49,  808  or  eriodictyol,  the 
difference  was  not  statistically  significant.  The  dogs  that  received  either  WR  49,808 
or  eriodictyol  ultimately  died  of  pulmonary  edema.  Their  lungs  showed  an  increase 
in  dry  weight  to  wet  weight  ratioiwhich  indicated  a  decreased  intensity  in  pulmonary 
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edema. 


There  were  several  3afn;pV»<:  of-  Wood ta^en  analysis 

measurements  of  pulmonary  compliance  and  resistance.  Some  dogs  showed 
diminution  in  abnormalities  in  lung  function  as  a  result  of  treatment  with 
eriodictyol  and  WR  49,  808.  However,  the  improvement  was  temporary  and  the 
dogs  still  succumed  to  death  owing  to  pulmonary  edema. 

There  are  2  features  in  the  dog  experiments  that  need  to  be  resolved. 
First,  is  the  solvent  used  for  intravenous  injection  of  WR  49,808  and  eriodictyol. 
Since  they  are  insoluble  in  saline,  acetone  was  used,  which  by  itself  elicited  some 
temporary  changes  in  lung  function  such  as  increase  in  pulmonary  resistance  and 
decrease  in  compliance.  The  dogs  did  not  receive  WR  49,  808  or  eriodictyol  prior 
to  alloxan  out  only  after  alloxan.  The  successful  prevention  of  pulmonary  edema  in 
mice  and  rats  should  be  verified  by  priori  treatmeht'itf.  dog*.  These  experiments 
are  in  progress  and  a  detailed  manuscript  will  be  submitted  incorporating  the 
particulars  of  all  the  dog  experiments. 
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Table  2.  (continued) 


Tablrt2a.  Details  of  rats  summarized  in  Table. 
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